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(54) Ink-jet recording material containing ultraviolet ray-absorber 

(57) An ink jet recording material having an excel- 
lent ink absorbing property and capable of recording ink 
images with superior gloss, water resistance and light 
resistance has an outermost ink receiving layer formed 
on a support and containing (1) fine pigment particles 
selected from amorphous silica secondary particles and 
alumina silicate secondary particles which have an 
average secondary particle size of 10 to 300 nm and in 
each of which a plurality of primary particles having an 
average primary particle size of 3 to 40 nm are agglom- 
erated with each other, (2) an ultraviolet ray absorber 
and, optionally, (3) an antioxidant. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 
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resistances. 
2. Description ot the Related Art 



15 



20 



fastness cannot be always selected at the , prese nt tone u ^ QnhanC ed ink 

[0003] As recording paper sheets for the ink jet recording system, woOTreepape ^ ^ 

Sorption and a coated paper prepared by ink images" recorded 

widely available. However, these, conventual paper sheets ^^^T^l^ are signi1 icantly faded. Also, the 
on the conventional recording paper sheets are ^^^Ss S7S^ sSfecTg L Currently, in 
conventional paper sheets. are mostly mat-hke '"M^ record ng ^^^^\ 1 ^ t ^^ aM 

pie. Japanese V'ff^^J??223S is added to improve the light resistance thereof. Also.' Japanese 
which an ultravolet ^j^^^ 
. Unexamined Patent Pubhcatipn No. 63-166.586 discloses a " » „ - M Al Zn Ba, Sr arid Sn to 

5 Tng materia, exhibits a certain improvement -n ^^^^ ShTg^SiSe cannot be obtained, 
several micrometer. To "^J^SS^ 030 b6 ^ 

antioxidant with a quencher ^However. s ' nc ^^ 

« [0005, The ^^^J^^ rt^^ondi^.l^ 
gloss, a high color de^of^^ 

tides having arvaverage secondary particie size 01 ■ v w ^> (MMlUirt ^ , - th pahh other (EP-A-803374). The 
partic.es having an average primary particle s^e of 3 to 40 ""^J*^^ 

resultant recording material exhibits a high .nk abs 2° n ^ and colored 

so recording materia., the resultant cotored ""^^^ « disadvantage in that 

are faded or discolored. r 
55 SUMMARY OF THE INVENTION :. v *• • ; ; 

[0006,; An obiect of the present inve^n is to provide an i^i^^ materia, capable of recording co.ored 
[mages having excellent color density, gloss, water resistance and hght res.stance. 
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[0007] The above-mentioned object can be attained by the ink jet recording material of the present invention which 
comprises a support and a one or more ink-receiving layers formed on the support, wherein at least one of the ink 
receiving layers comprises: 



10 



(1) fine colloid pigment particles selected from fine colloid amorphous silica secondary particles and fine colloid 
alumina silicate secondary particles having an average secondary particle size of 10 to 300 nm and each consist- 
ing essentially of a plurality of primary particles having an average primary particle size of 3 to 40 nm and aqqlom- 
erated with each other; and r , 

(2) an ultraviolet ray-absorber. . 



[0008] The above-mentioned ink receiving layer containing the fine colloid amorphous silica and/or alumina silicate 
particles and the ultraviolet ray absorber enables the colored images recorded on the resultant ink jet recording material 
to exhibit excellent color density, gloss, water resistance and light resistance. In a preferable embodiment Of the present 
invention, the ink receiving layer containing the fine colloid amorphous silica and/or alumina silicate particles and the 
75 ultraviolet ray absorber further comprises an antioxidant. ... 
[0009] The antioxidant contributes to enhancing the light resistance of the colored images recorded on the resultant 
ink receiving layer. 

[0010] In the ink jet recording material of the present invention, the ink receiving layer preferably contains a cationic 
compoundwh.ch contributes to fixing an anionic dye contained in the ink and to enhancing the water resistance and 

20 long term storage stability of the printed colored images. .. .. 

[001 1 ] Also, when the ultraviolet ray absorber comprises at least one member selected from organic ultraviolet ray- 
absorb.ng compounds, for example, benzotriazole compounds and inorganic ultraviolet ray-absorbing compounds for 
example, zinc ox.de, titanium dioxide, yttrium oxide and cerium oxide, the resultant ink receiving layer exhibit a signifi- 
cantly enhanced light resistance of colored images recorded thereon. Also, the above-mentioned ultraviolet ray absorb- 

25 ,ng compounds have a relatively good compatibility with the amorphous silica and alumina silicate particles Therefore 
a coating liquid containing the above-mentioned ultraviolet ray-absorbing compounds can be easily coated on a support 
to form an ink receiving layer, .. . ; ™ 

[001 2] In the ink jet recording material of the present invention, the ultraviolet ray absorber is preferably in the form of 
fine particles haying an average particle size of, for example, 500 nm or less. The ultraviolet ray absorber may be pul- 

so venzed together with the silica and/or alumina silicate.. When the ultraviolet ray absorber particles having the above- 
mentioned particle size are. used, the resultant ink receiving layer can exhibit a high gloss, color density, water resist- 
ance and light resistance of the recorded colored images, without decreasing the transparency of the ink receiving 
layer. ■ .-< • • 

35 DESCRIPTION OF; THE PREFERRED EMBODIMENTS ■ « "■■ \ r 

[001 3] , In the ink jet recording, material of the present invention; the support is not limited to specific materials and thus 
may be formed from a transparent material: or. an opaque material For example/ the substrate preferably comprises a 
M generated cellulpse.film, a plastic film, tor example, polyethylene; polypropylene, soft polyvinyl chloride, hard polyvinyl 
40 chloride, or polyester film; a.paper sheet. , for example.; a wood-free.paper. a coated paper, an art paper, a cast-coated 
paper, a foiMaminated paper, a kraft paper, a polyethylene film-laminated paper, a resin-impregnated paper a metal- 
ized paper or a water-soluble, paper sheet; a metal foil; or.aisynthetic paper sheet. ^ e ,. •• . , 
[0014] The ink jet recording material^ the present invention has one of moreink receiving layers formed on the sup- 
port, and at least one of theink receiving, layers comprises: , . , , , s 



.' v .: '■ r 



(1) i .fine colloid pigment particles selected. from fine colloid amorphous silica secondary particles and fine colloid 
alumina silicate secondary particles-having an average secondary particle size of 10 to 300 nm and each consist- 
ing essentially of a plurality of primary particles having an average primary particle size of 3 to 40 nm and agglom- 
erated with each other; and . ^ - ; . , - . , : *T. 
so (2) an ultraviolet ray absorber, •.<.,..., : -"> ■■■.<: : ■• • - ■ 

[001 5] In the present invention, when the.fine colloid pigment secondary particles have an average secondary particle 
size of 10 to 500 nm. the resultant ink receiving layer has a higher gloss than that of a conventional ink receiving layer 
containing pigment particles with a particle size in the order of pm. 
55 [001 1 6] The ultraf ine colloid amorphous silica and alumina silicate recording particles have a secondary particle size 
ofl 0 to 300 nm preferably 20 to 200 nm, and each consist essentially of a plurality of primary particles agglomerated 
with each other and having an average primary particle size of 3 to 40. nm. preferably 5 to 30 nm. When the primary 
particle size is too small, the resultant ink receiving layer exhibits an unsatisfactory ink absorbing property. Also when 



NSDOCID: <EP 0903246A2_I_> 



3 



10 



15 



20 



25 



the primary P art, d e^ 

printed colored images have an unsatisfactory color ' heseca W ink recejving 

?nk receiving layer exhibits a poor film-forming W**^^ has a roughened surface and 

,ayer. Also, when the ***** '^fZZZ^^^^^ the secondary ^ " 

it becomes difficult to obtain a h.gh gloss JjJ^ ^Stereof. conventional trade amorphous silica and/or 
average secondary part.de size of 10 to 800 m « VJJJ^ miC rometers are pulverized by applying a strong 
alumina silicate pigment parfc.es havmg a P^^/.'^n^ method in which a materia, in the form of 
shearing force thereto by mechamcal means, example, a ^^ng-down pressure -type homogeniz- 

scope ISEM'or TEM) (Asakura Shoten, "Fuie Particle "j^^ ^fj^j b y a hydrolysis synthetic method from, 
,00,7, Thefrne.a.umina^epa™ ^^XS^SmL,«Mse 9 me*ana S i,ica 

the present invention. , . • . f aluminum alkoxide. silicon alkoxide and an ■ 

^rtea, u t*^^ 
aleminaeiiica.eisiW 

partides having an average secondary particle size or luiu 

smaller particles by. forexample. the abGve - me " t,on ~^ e ^ al|v romDrise s in addition to the ultrafine amorphous 

.ayer. un.ess the smoothness and transparency of the ^^^J^,^ silicate different from the 
roW The addrtiona. pigment inc.ude, u= 

specif ic ultraf ine amorphous s.l.ca and alumina silicate P^™fn!fm h^mxide oseudoboehmite; calcium carbonate, satin 
oxide, tin oxides, magnesium sulfate, alummum and diatomaceous 

white, aluminum silicate, ^ J«^^r«eMe resin pigments and 

earth; and organic pigments, for example, styr ene poiymef a i p« ^ atonal p|g . 

example, pheny, sa.icy.ate. P«P^ 2-hydroxy-4- 
phenone compounds, for example.; 2.4^.hydro)(^enzophenone * y ' ^ m ^e niopnen o h e. 2.2'-dihy- 
octoxybenzophenon^ 

*c^<*"*«^^ . 2 -(2--hydroxy-5'-tert- 

I5 triazole compounds., for. 
butylpheny.)benz<*iarcfe.2^^ 
but^Phenylbenzotriazcxe. 2<^^ 

hydrophthalimidomethyl)-5--methyiphenyl]benzotr,azole., and ^f™^ 
benz^iazde-2^^ 

» 3.3'-diphenyl acrylate and ++*c**** ""^^^J^^ ^re^ invention, because they have 
resultant ink receiving layer to exhibit.aniexcel.ent light ^stance. _ ^ ^ oxide, zinc 

^men^a,™.^^^ 

violet ray-absort)ing benzotriazole compounds are preferably usea. miso. uu 
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enhanced water resistance, the transition metal oxides are prepared as the ultraviolet ray absorber. Particularly, cerium 
oxides exhibit an excellent ultraviolet ray absorption, and can be obtained in the form of fine particles having a particle 
size of 20 nm or less, particularly 1 0 nm or less, and thus an excellent transparency. Also, cerium oxides include cationic 
oxides. Therefore, cerium oxides are advantageously used for the present invention. 
5 [0026] A trade cerium oxide is available under a trademark of Needral, made by TAKI CHEM ICAL CO LTD and has 
a particle size of 8 nm or less. A trade cationic cerium oxide is available under a trademark of U-15, made from TAKI 
CHEMICAL CO., LTD. ' 
[0027] The above-mentioned organic and inorganic ultraviolet ray-absorbing compounds may be used alone or in a 
mixture of two or more thereof, for the present invention. 
io [0028] Where the ultraviolet ray absorber is in the state of a liquid, the liquid ultraviolet ray absorber per se can be : 
mixed into a coating liquid for the ink receiving layer. For example, 2-hydroxy-4-methoxy-benzophertorte (available 
under the trademark of SEESORB 101, made by SHIRAISHI CALCIUM CO.) is soluble in water, and 2-(2•-nydroxy-5•- 
methylphenyl)benzotriazole (available under trademark of JF-77, made by JOHOKU CHEMICAL CO LTD or of SEE- 
SORB 701 made by. SHIRAISHI CALCIUM CO.. LTD.) is soluble in water at a high pH value. Of the inorganic ultraviolet 
15 ray absorbers, cerium acetate is soluble in water. Other ultraviolet ray absorbing compounds are mostly insoluble in 
water. When is insoluble in water, the ultraviolet ray absorber particles in the form of a powder or suspension (emulsion) 
is preferably controlled to an average particle size of 500 nm or less not to affect the transparency and smoothness of 
the ink receiving layer. There is no specific lower limit to the average particle size of the ultraviolet ray absorber Usually, 
the average part.cle size can be decreased to about 1 nm. To control the average particle size of the ultraviolet ray' 
20 absorber particles to 500 nm.or less, the above-mentioned pulverizing method, for example the breakjnq-down 
method, can be utilized. v . . , 

[0029] There is no specific limitation to the content of the ultraviolet ray absorber in the ink receiving layer. Preferably 
the ultraviolet ray absorber is contained in an amount of about 0.5 to abotrt 25 parts by weight per 1 00 parts of the total ' 
amount of the pigment: When the content of the ultraviolet ray absorber is too small, the resultant light resistance is -* 
?5 unsatisfactory and when it is too large, the resultant light resistance-enhancing effect is saturated ' 
[0030] The ultraviolet ray absorber particles may be in the form of agglomerated particles which contribute to enhanc- 
ing the ink absorbing property of the ink receiving layer.. The secondary particle size of the fine ultraviolet fay absorber 
can be selected within the range of 2 nm or less. However, to further enhance the ink absorbing property of the ink 
receiving layer and the color density of the printed images; the secondary particle size of the fine ultraviolet ray absorber 
is preferably in the range from 0.1 M mto1 urn, more preferably 1 50 nm to 500 nm." When the particle size of the sec- i 
ondary particles is too small, the resultant ink-receiying layer may exhibit an unsatisfactory film-forming property and * * ■* 
thus numerous cracks may be formed in the resultant ink receiving layer. On the other hand, when the particle sizeof ' ? 
the secondary particles of the ultraviolet ray absorber is too large, the resultant ink receiving layer may have a rough-' r 
ened surface and thus an ink jet recording material having a high gloss may not be obtained. ••>•.*. 
[0031 ] The primary particles which are agglomerated with each other to form secondary particles of the ultraviolet ray \ 
absorber preferably have an average primary particle size of 3 nm to 100 nm, more preferably 5 nm to 50 nm When • ' 
the primary particle size is too small, the resultant secondary particres of the ultraviolet ray absorber may exhibit an i 
insufficient ink-absorbing property. and when it is toolarge; the resultant ink-received layer may be disadvantageous in * 
that the transparency of the ink receiving layer is insufficient, and the colored images printed on the resultant ink receiv- : * 
ing layer are unsatisfactory in color density thereof.' ., . .<,:. 
[0032] The mixing weight ratio of the fine secondary particles of the pigment to the secondary particles of the ultravi- 
olet ray absorber is preferably within the range from 50/1 to 2/1 , more preferably from 20/1 to 20/7. When theproportion ; 
of the fine pigmentparticle |s too.high.the light resistance-enhancing effect on the ink receiving layer may be insufficient 
and when it is too low. the color brightness of the resultant colored images may be unsatisfactory and the resultant ink 
receiving layer may exhibit an unsatisfactory, transparency. The secondary particles of the ultraviolet ray absorber hav- 
ing an average particle size of 2 J1 m or less can be prepared by pulverizing trade ultraviolet ray absorber agglomerated 
particles, (having, for example, a particle size of several micrometers) and by mechanical means in which a strong. ' : 
shearing force is applied to the particles. Namely, the afore-mentioned breaking<l6wn method which is useful for finely ■' ' 
dividing a (uniformed material may be applied. The mechanical; means include the above-mentioned ultrasonic 
homogemzers, pressure-type hompgenizers. nanomizers, high i speed revolution mills, roller mills container-drived 
medium mill, mediunvstirring mills, jet mills, and sand grinders. The resuHant ultrafine ultraviolet ray absorber particles 
may be in the state of a colloidal solution or a slurry. - . -. 

[0033] In a preferred embodiment of the present invention; to; further enhance the light resistance, the ink receiving 
ayer further contains an antioxidant. Thereis no specific limitation io the content of the antioxidant in the ink receiving " 
layer. Usually, the antioxidant is preferably used in an amount of 1 to .1.0.000 parts, preferably 1 to 1 000 parts more pref- 
erably 1 0 to 500 parts by weight per 1 00 parts by weight of the ultraviolet ray absorber. 

[0034]. Namely, in an embodiment of the ink jet recording material of the present invention, one or more ink receivind 
layers are formed on a support and at least one layer of the ink receiving layers comprises fine colloid pigment particles 
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compounds. monophenolic antioxidant compounds .for example >Z !^6-d.-tert- 

[0036] The phenolic antioxidant compounds nol an d stearyl-p-(3.5-di-tert-butyl-4-hydroxyphe- 
Lyliaeso.; buty.ated hydroxy anisole, 2,6^-^ 

nyl)propionate; bisphenolic arrtoox.da nt compo u "*' and 4.4W.denebis(3-methy.-6- 
methylene-bis(4-ethy1-^^ 

tert-butylphenol);andpoly-phenol 1 cant l ox I d^ ^,3.5-trimethyl-2;4,6-tris(3.5<li4ert-butyM- 

no.)butane. W******^^ 
hydroxybenzyl)benzene, tetrak^^ 

hydroxy-3-tert-butylphenyl)butyl.c acdlglycol ester, l.a.sirisi. , 

5 (1 H,3H,5H)trione and tocopherols. - dj|au ,. 3^-thiodipropionate, dimyristyl 

[00371 The sulfur-containing antioxidant compounds include, 

3.3-thiodipropionate and disteary. 3 ' 3 '^'^ include , for example, triphenyl phosphite, diphenylisodecyl 
[0038] The phosphorus-containing ant^^^ 

phosphite, phenyidiisodecy. P»«^^S2^^ tri^no.y.phe- 
o pent a netetraylbis(octadecylphosph.te)tr,s^on^ 

?5 tert-butylpheyl)octyl phosphite _ consideration of the compatibility with the coating 

[0039] lathe ink jet recording materia ol i ttie present ^« n f n ^ rebim s recorde d in the ink receiving layer, the 
iquid for the ink receiving layer and the ''9"^^ wh'ch 
phenolic compounds are preferred for the ^** T ^ CHEMICAL CO.. 4.4Mhio- 

[s available, for example, under the trademark of ANTAGE \A 500 J^m** of SUMIRIZER WX. made by 

to the coating liquid for the ink receiving layer water-insoluble powder or a suspension 

[0041] Where the antioxidant tor the present invention .s n ,™ ™ ^ to a le/el of 500 nm or less. To 

emulsion), the average particle size of the antoxrfart ^f^^Snica. means, for example, a breaking 
control the average particle size to 500 nnor^ antioxidant in the ink receiving layer. Usu- 

40 down method, are utilized. There is no ^J^^-J^peM* P arts » °' Tl 
ally, the content of the antioxidant .s preferably £5to ^^^^^^^^^vArerf^e ant.ox.dant 

'ultraviolet ray absorber and optionally the ^^^^S^SiSuL ^ymeri for example, polyvinyl alcohol 
binder preferably comprises ^ ^^!^^^^^rB^^^^ polyvinyl alcohols, casern, 
(PVA), and derivatives thereof such as s.lyl-modrf.«J ^^^TT ^fX^e cartwxymethyl cellulose and meth- 
loybean Protein, synthetic ^.I^^S^Z^Lm of conjugated diehe polymers. 
50 ylcelluloce; and dispersions or latices of water-^ ^ of acry1ic poly- 

L example, styrene-butadiene copolymers which are usually employed for 

mers. and latices of vinyl copolymers; for Sure of two or more thereof. To obta.n a 

coated paper sheets. These pb^rneric the ink 'receiving layers/the <£er- 

high bonding strength between the .nk ^.ng rayer and me supp f 0[Vd ree of 2 000 or more .s used as 
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[0043] There is no specific upper limit of the polymerization degree of the PVA. 

[0044] Usually, the PVA having a polymerization, degree of about 1 0,000 or less can be used for the present invention, 
unless the PVA causes the resultant coating liquid to exhibit too high a viscosity. 

[0045] Preferably, in the ink receiving layer of the present invention, the binder is contained in an amount of 2 to 200 

s parts, more preferably 5 to 100 parts, by solid weight per 100 parts by weight of the pigment. When the content of the 
binder in the ink receiving layer is too high, pores formed between the solid particles may become too small and thus 
the ink-absorbing rate of the resultant ink receiving layer may be insufficient. When the binder content is too small, the 
resultant ink receiving layer may have large cracks formed due to a poor film-forming property and may exhibit reduced 
gloss and color density of printed images. 

w [0046] For the purpose of enhancing the ink-fixing property of the ink receiving layer, a cationic compound may be 
contained in the ink receiving layer. When the ink receiving layer has a single layered structure, the single ink receiving 
layer preferably contains the cationic compound. Also, when the ink receiving layer has a multiple layered structure, the 
outermost ink receiving layer on which the Ink jet printing is applied preferably contains the cationic compound. 
[0047] The cationic compounds usable for the present invention are preferably selected from cationic polymers. The 

is cationic polymers include polyalkylenepolyamines, for example, polyethyleneamines and polypropylenepolyamines and - 
derivatives thereof, acrylic polymers having tertiary amino groups and/or quaternary ammonium groups, and diacr- 
ylamines. , 
[0048] There is no limitation to the amount of the cationic compound in the ink receiving layer. Usually, the cationic 
compound is preferably used in an amount of 1 to 30,parts by weight, more preferably 5 to 20 parts by weight, per 100 

20 parts by weight of the pigment. 

[0049] The ink receiving layer of the present invention optionally further contains at least one. additive selected from 
dispersing agents, thickening agents, defoaming agents, coloring agents, antistatic agents and preservatives which are . 
usually used for coated paper sheets. - ; • 

[0050] In a preferred embodiment of the present invention, to enhance the water resistance and the light resistance 

25 of the ink images formed on the ink receiving layer, the cationic compound is preferably selected from the group con- 
sisting of polymers of diallyldi methyl ammonium chloride, copolymers of diallyldimethyl ammonium chloride with sulfur 
dioxide and copolymers of at least one amine with at least one carboxylic acid (for example, a copolymer of diallyl amine 
with maleic acid). By using the abovermentioned types of cationic polymers, the light resistance of the printed ink 
images can be significantly enhanced, substantially without degrading the color-forming property . of the ink and the 
30 water resistance. 

[0051 ] The reasons of the specific effects of the above : mentioned cationic polymers are not clear at the present time. . 
However, it is assumed that the reactivity and stability of the basic segments of the cationic: polymers contribute to the 
above-mentioned specific effects. The above-mentioned, cationic polymers preferably have a molecular weight (MW) of . 
50,000 or more, more preferably 100,000 to 400,000. When the molecular weight is too low, the resultant cationic pol- : 

35 ymer ,may penetrate between the primary particles of the solid components and may cause a reduction in the ink- 
absorbing property of the resultant ink receiving layer. Also, when the molecular weight is too high, the cationic polymer 
causes the resultant coating liquid for the ink reviving layer to exhibit too high a viscosity and to be difficult to coat. The .■ 
above-mentioned types of cationic polymers are preferably contained in an amount ol 1 to 30 parts by- weight, more 
preferably 5 to 20 parts by weight, per 100 parts by wejght of the pigment, in the ink receiving layer. When the amount 

40 of the cationic polymer js too low, the resultant ink images may exhibit an unsatisfactory water resistance-enhancing 
effect. Also, the arnount of the cationic polymer i$ too high, the resultant ink receiving layer may exhibit unsatisfactory 
ink-absorbing rate arid ink absorption rapacity. .• 

[0052] To further enhance the water, resistance, trade cationic resins; other .than the above-mentioned cationic poly- 
mers may be blended therewith. The cationic resins include polyalkylene-polyamines, for example, polyethyleneamine 

45 and polypropylenepolyamine. and the derivatives thereof;; acrylic resins having tertiary amino groups and: quaternary 
ammonium groups; diacrylamines; and other conventional cationic resins. r t . 

[0053] The ink receiving layer of the present inventiqn may consist, of the specific ink receiving layer as mentioned 
above alone. However, to further enhance the ink-absorbing property* the ink receiving layer preferably-comprises one 
or more additional ink receiving layer in addition to the specific ink receiving layer which will be referred to as a principal 

so ink receiving layer hereinafter. When two or more ink receiving, layers are formed on, the support, at least one of them - 
is the principal ink receiving l^yer comprising the specif ic fine colioid pigment particles and the ultraviolet ray absorber, 
and preferably is arranged to form an outermost layier to which the ink jet printing is appjied., , 
[0054] The additional ink receiving layer comprises a pigment; which may comprise at least one member selected f rom 
the above-mentioned specific arrorphous.silica and/or alumina silicate and/or other. trade pigments. Also, the additional . 

55 ink receiving layer may contain the cationic compound. . • v . t 

[0055] There is no limitation to the amount of the ink receiving layer. ^Wheathe ink receiving layer consists of a single 
principal ink receiving layer, usually the ink receiving layer is preferably formed jo an amount of 3 to 60 g/m 2 , more pref- 
erably 10 to 50 g/m 2 . When the ink receiving layer has a multiple layered structure, the principal ink receiving layer con- 
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I^^SXSSSm «~m m, ba unsa«a«v. «so. when ft. pnn^pal ,nK 

laver amount is too high, the light resistance effect may be saturated. ^ inauuoi „ h t 

io056] The additional ink receiving layer which may contain no ultraviolet ray absorber ,s preferably formed m a we,ght 

K^E" ^tS^» 0 05 A m. H~r. ca S «n 9 aurfae. „, be a aena-a-osa 
aurfac. ar a ma. «,*ca famad M ,„ e bM waen ft. ink-reca": 

on the casting surface and/or to the surface ot tne suppon o u e * 

dispersion-stabilizers for the coloring materials. .V ■ ^ ootected from conven- 
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alcohols, for example, glycerol, ethyleneglycolmethyl ether, diethyleneglycol methyl (or ethyl) ether, triethyleneglycol 
monomethylether. 

EXAMPLES 

£ 

[0066] The present invention will be further explained by the following examples which are merely representative and 
do not restrict the scope of the present invention in any way. 

[0067] In the examples and comparative examples the term "part" and "%" are -part by dry solid weight- and --% by 
dry solid weight, respectively, unless specifically shown otherwise. . J 

io [0068] Note: The primary particle size of the pigment particles does not change by pulverize-dispersing. 

[0069] In Examples 1-1 to M 1 and Comparative Examples 1-1 to 7, the following pigment particle sols were prepared 
and employed. 
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(1) Preparation of pigment sols 
Silica sol Al 



[0070] Synthetic amorphous silica particles (trademark: NIPSIL HD-2, made by NIPPON SILICA; INDUSTRIAL CO., 
LTD.) having an average secondary particle size of 3 urn and an average primary particle size of 1 1 nm were pulverize- 
20 dispersed by a sand grinder and then further pulverize<Jispersed by a pressure-type homogenizer. The pulverize-dis- * 
persing procedures by the sand grinder and the pressure-type homogenizer were alternately repeated until the avterage 
secondary particle size of the amorphous silica particles reached 60 nm, to prepare an amorphous silica sol Al having 
a dry solid content of 7%. 



25 Silica sol Bl . 

[0071] Synthetic amorphous silica particles (trademark: NIPSIL LP, made by NIPPON SILICA INDUSTRIAL CO... 
LTD.) having an average secondary particle size of 3 pm and an average primary particle size of 16 nm were pulverize- 
dispersed by a sand grinder and then further pulverize-dispersed by a pressure-type homogenizer. The pulverize-dis- 
persing procedures by the sand grinder and the pressure-type homogenizer were alternately repeated until the average 
secondary particle size of the amorphous silica particles reached 100 nm, to prepare an amorphous silica sol Bl having 
a dry solid content of 9%. . /." * r; 

Silica sol CI , v - / 

[0072] ^ Synthetic amorphous silica particles (trademark: NIPSIL E r 10.1,1, made by NIPPON SILICA INDUSTRIAL CO., 
LTD.) having an averag^ secondary, particle size of 1 .5 and an average primary particle size of 24 nm were pulver- 
ize-dispersed by a sand grinder and then further pulverize-dispersed by a pressure-type homogenizer. The pulverize- 
dispersing procedures by the sand grinder and the pressure-type homogenizer were alternately repeated until the aver : 
age secondary particle size of the amorphous silica particles reached 200 > nm. to prepare an amorphous silica sol CI 
having a dry solid content of 12%. 

Silica sol PI ' : < ' \* \ ' ' ' \ 



[0073] Synthetic anwrphpus silica l^rtcles (trademark: NIPSIL E-101 1, made by.NIPPON SILICA INDUSTRIAL CO:,. 
LTD.) having an average secondary piarticle size of 1 .5 and an average primary particle size of 24 nm were pulver- 
ize-dispersed by a sand grinder and then further puryerize-dispersed by a pressure-type homogenizer. The pulverize-' 
dispersing procedures by.trie sand grinder and the' pressure-type homogenizer w,ere alternately repeateduntil the aver- 
age secondary particle size of the amorphous silica particles reached 350. nnv to prepare an amorphous silica sol Dl 
so having a - dry solid content of 12% s , .. . . 



Alumina sificafg sol I 



[0074J Isopropyl alcohol in an' amount of l OOg was placed in a glass reactor having a capacity of 2 liters and equipped 
with a stirrer, having a diameter of 3 cm and comprising three stirring rings, and a thermometer, and heated to a liquid 
temperature of 60°C by using an oil bath heater. Whiie the stirrer was rotated at a rotation speed of 100 rpm to agitate 
the liquid in the reactor, 5g of aluminum isbpropoxjde (made by WAKO PURE. CHEMICAL INDUSTRIES, LTD.) were 
added, and then 1g of ah acid catalyst consisting: of acetic acid (made by WAKOPURE CHEMICAL INDUSTRIES, 
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LTO^.urWr.dded.o.He^alco^^ 

perawa 60-C. and 1.8g ethyl ^^ ^^2Z ^^m^^^^ LTD ^^ 
acetic acid-ispropyl alcohol solut.on. and the m-xture was st rred anc ' L ^ration at a temperature of 

Exam ple 1-1 

[0078] A7 % a q ueouscoating.*^^ 
20 Say abUerconsisfing of CO., LTD.) having a 

SHI CALCIUM CO.) and 35 parts of polyvinyl alcohol (trademark, kva .son, y 

polymerization degree of 3500 and a saponification degree , of 99% LTD.) having a basis 
S = SERE ah in k reccing layer with a dry 

Fxamole I-2 

non^zay.oanaa*,^^ 

an, nanonic ,asin^n«n,ng » n, g »* 3 pa«s <^^« *ya parts ol po.yv.ny, 

fication degree of 99% or more. . OK rOAT made bv qji PAPER cd, LTD.) having a basis 



Exam ple 1-3 



Example 1-4 <■ ; '' Vt ' 1 ,; r ;. " 

SHIRAISHI CALCIUM CO.) was employed. " , - . 
55 Example 1-5 
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K.K.) was employed. 
Example 1-6 

[0087] An ink jet recording material of the present invention was produced by the same procedures as in Example I- 
2, except that the silica sol Al was replaced by the silica sol Bl. 

Example 1-7 

[0088] An ink jet recording material of the present invention was produced by the same procedures as in Example I- 
2, except that the silica sol Al was replaced by the silica sol CI. 

Example i-8 

[0089] An ink jet recording material of the present invention was produced by the same procedures as iri. Example I- 
2. except that the silica sol Al was replaced by the alumina silica sol I. 

Example 1-9 

[0090] An 8% aqueous coating liquid was prepared by mixing 1 00 parts of the silica sol Al with 1 5 parts of titanium 
dioxide (trademark: ST-440, made by TITAN KOGYO K.K.) having a particle size of .30 to 50 nm,: as an ultraviolet ray 
absorber, 15 parts of a cationic resin consisting of a copolymer of diallyldimethyl ammonium chloride with acrylamide 
(trademark: PAS-J-81, made by NITTO BOSEKI CO., LTD.); coagulating and thickening the mixture; pulverize-dispers- 
ing the mixture by a pressure-type homogenizer to an extent such that the average particle size of the mixture reached 
1 50 nm; and then mixing the resultant sol 20 parts of the same polyvinyl alcohol as mentioned in Example 1-1 • 
[0091 ] A suriace of the same trade coated paper sheet as in.Example 1-1 was coated with the aqueous coating liquid 
and dried to form an ink receiving layer having a dry weight of 20 g/m 2 . 
[0092] An ink jet recording material of the present invention was obtained. 

Example 1-10 , ^ . 4 . ... ; 

[0093] An 8% aqueous coating liquid was prepared by, mixing 1 00 parts of the silica sol Al with 1 5 parts of a cationic 
resin consisting of a copolymer of diallyldimethyl ammonium chloride with acrylamide (trademark: PAS-J-81. made by 
NITTO BOSEKI CO., LTD.) ^coagulating and thickening the mixture; pulverize-dispersing the mixture by a pressure-type 
homogenizer to an extent, such that the average particle size of the mixture reached 1 00 nm; and then mixing the result- 
ant cationic resin : containing silica so) with 10 parts of an ultraviolet ray absorber consisting of cerium oxide having a 
particle size of 8 nm (trademark: NEEDRAL U-15, made by TAKI CHEMICAL CO., LTD.) and 20 parts of the same pol- 
yvinyl alcohol as an Example 1-1. , > .- 
[0094] A surface of the same trade coated paper sheet as in Example J-1 was coated with the aqueous coating liquid 
40 and dried to form an ink receiving layer having a dry weight of 20 g/m 2 . 
[0095] An ink jet recording material of me present invention was obtain 

Example 1-11 

45 [0096] The same aqueous coating liquid as in Exampje I-2 was coated on a surface of a casting film consisting of a 
PET film haying a thjckness of 50 ^m (trademark: LUMIL^R T. made by TORAY INDUSTRIES INC:) and dried to form 
a cast-coated layer corresponding to an ' outermost ink receiy^ 

[0097] A 10% aqueous coating liquid for an additional ink receiving layer was prepared by mixing 100 parts of the 
silica sol CI with 25 parts of the same polyvinyl alcohol as in Example 1-1 . The resultant coating liquid was coated on a 
so surface of a trade woodfree paper sheet having a basis weight of 127.9 g/m 2 to form an additional ink receiving layer 
having a weigrrt.c»rresponding to a dry weight of 10 g/m 2 f . . . r- ■ 

[0098] The addrtional.irik receiving layer on the support sheet was superposed on and bonded to the cast-coated layer 
on the casting PET film, dried, and then the PET film was removed from the cast-coated layer. 
[0099] An ink jet recording material of the present invention was obtained. 

55 

Comparative Example 1-1 

[01 00] An aqueous coating liquid having a total solid content of 7% was prepared by mixing 1 00 parts of the silica sol 
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A. with 35 parts of polyvinyl alcohol (trademark. PVA-135H, made by KURARAY CO.. LTD.) having a polymerization 
degree of 3500 and a saponification degree of 99% or more. lw ^ arnarV - ok POAT 

rnTnn The aaueous coating liguid was coated on a surface of a trade coated paper sheet (trademark. OK COAT 
Sby £f PAPER CO St I) ha'ng a basis weight of 127.9 g/m* and dried to form an ink recei.ng layer havng a 

dry weight of 20 g/m 2 . ^ 
[0102] A comparative ink jet recording material was obtained. 

Com parative Example I-2 

o [0103] An aqueous coating liquid having a total solid content of 10% was f^^^^^X^ 
soDfwith 3 parts of 2.(2--hydroxy-5-methy.phenyl)ben Z otriazo.e ^T^S^S!^^^ 
Lrt* h« shiraiSHI CALCIUM CO LTD.) and 35 parts of polyvinyl alcohol (trademark. PVA-135H, maoe D y tvun* 
Say CO LTdTS a Symeriza on degree of 3500 and a saponification degree of 99% or more. 

dry weight of 20 g/m 2 . , 

[0105] . A comparative ink jet recording material was obtained. 
Com parative Example I-3 

" .0106] Ma^aouaeoatingliquidhavinga^^ 

Slradema-k: FINESiL 45. made by TOKUYAMA CORP.) having an averaoa pamola s,za of 4.5 „nn wth 30 parts of 

. Sby MfJ5SfcajS)^i>*tg a baais weioh, c4 ,27.0 «rf and drfad fo km. an in* ,acaa,ng faya, haw, a 

dry weight of 20 g/m 2 . ^ 
[0108] A comparative ink jet recording material was obtained. 

Comparative Example I-4 

30 [0109] An aqueous coating liquid having a total solid content of 10% was prepared ^f^^f^^^ 
hi SHIRAISHI CALCIUM CO ) and 30 parts of polyvinyl alcohol (trademark: R-1130. made by KURARAY W li u.,_ 

dry weight of 20 g/m 2 . . 
[0111] A comparative ink jet recording material was obtained. 

...... . • : ■ 'j ' ' • ' " . . J . ■ 

40 Com parative Example I-5 v ^ * : 

[0112] A trade mat-type ink jet recording paper sheet (trademark: MJA4SP1 . made by EPSON CORP.) was subjected 
to the tests which will be illustrated later. 

45 Comparative Example 1-6 4 r . 

[0113] Atradeg.osspaper-typeinkjet^ 
jected to the tests which will be illustrated later. 

50 Com parative Example I-7 . : : , 1 f*. - -'^ ' 

[0114] A trade ink jet recording paper sheet (trademarki PHOTO JET PAPER-GLOSS SHEET KJPA4-GH20, made 
by KONIKA CO.) was subjected to the tests which will be illustrated later. 

55 Example 1-12 . 
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were replaced by 10 parts of the ultraviolet ray-absorbing sol prepared by the following procedures. 
Preparation of ultraviolet rav-absorbina sot 

[0116] A cerium oxide sol (trademark: W-10, made by TAKI CHEMICAL CO., LTD., anion) containing no aggl6merated 
particles and having a primary particle size of about 5 nm and in an amount of 100 parts was mixed with 100 parts of 
a cerium oxide sol (trademark: NEEDRAL U-15. made by TAKI CHEMICAL CO.. LTD., cation) containing no agglomer- 
ated particles and having a primary particle size of about 5 nm, to form a coagulation. The coagulation was pulverize- 
dispersed by a sand grinder, and further pulverize-dispersed with a pressure-type homogenizes The pulverize-dispers- 
ing operation was repeated by alternately using the sand grinder arid the pressure-type homogenizer until the average 
secondary particle size reached.0.4 u m. a 10% cerium oxide dispersion was obtained: The pulverize-dispersing oper- 
ations did not result in change in the primary particle size. 

Example 1-13 

[01 1 7] An ink jet recording material of the present invention was produced by the same procedures as inExample I- 
2, except that the cationic resin (trademark: PAS-J-81) used in Example I-2 was replaced by a diallyldimethyl ammo- 
nium chloride-sulfur dioxide copolymer (trademark: PAS-A-5, made by NITTO BOSEKI CO., LTD.). 

20 Example 1-14 

[0118] An ink jet recording material of the present invention was produced by the sime procedures as in Example I- 
2, except that the cationic resin (trademark: PAS-J-81) used in Example I-2 was replaced by a di ally lamine-maleic acid 
copolymer (trademark: PAS-410. made by NITTOBOSEKI CO., LTD.) of the following formula- 



75 



30 



CH 2 -CH CH-CH 2 - 



Ah, i 

. H ■< 



H 7 



-CH- 

4 



-CH- 



OOH 



OOH 



m 



35 wherein a molar ratio m:n is 1 :1 . 
TESTS 



40 



45 



[0119] The ink jet recording materials prepared in the above-mentioned examples and comparative examples were 
subjected to testing of water resistance of coated layer, water resistance of printed ink images, ink-absorbing property 
and gloss, color density and light resistance of printed ink images, by the testing methods shown below 
[0120] .Note: . . t ■ , . ; . • • m . • .. -.. 

(1) The printer used for the testing was a Printer PM-700C (trademark) made by EPSON CORP. 

(2) In the testings for the gloss, color density and light resistance of printed ink images, a solid print prepared by 
the above-mentioned printer was used. 

(A) Water resistance of coated layer ... * 



[0121] A sample of an ink jet recording material was immersed in water at a temperature of 20°C for one hour, then 
the recording surface of the recording material in wetted condition was rubbed by finger. The result was evaluated as 
follows, . it v , • — ;o--- « : . ■ • 



55 



Class 


Rubbing result 


3 . 


No damage occurs on the coated layer... 
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(continued) 



Class 



2 
1 



Rubbing result 



A portion of the coated layer is removed. 
The coated layer was completely removed. 



(B) Water resistance of printed ink images 

and removed by wiping. The result of water-dropping was evaluated as follows. 
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Class 



3 
2 
1 



Water dropping result 



Substantially no removal of ink images is found. 
A portion of ink images is removed. 
The ink images are completely removed. 



(C) Ink absorbing property 



30 The test result was evaluated as follows. 



35 



40 



Class 



3 
2 

1 



Ink image-drying time 



15 seconds or less 

More than 15 seconds and less than 60 seconds 
60 second or more 



(D) Gloss of printed ink images 

[0124] Black, yellow, cyan and magenta-colored ink images printed on an ink Jet recording materia, were observed by 
the nakec I eye at an inclined angle, and the glosses of the images were evaluated as follows. 



45 



Class 



Gloss 



50 



55 



4 

3 

2 
1 



The ink image gloss is similar to that on a silver salt type color photograph. 

The ink image gloss is slightly lower than that on the silver salt type color photograph and higher than that 
on conventional coated or art paper sheet. 

The ink image gloss is similar to that on conventional coated or art paper sheet. 

The ink image gloss is very low. . . . 
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(E) Color density of printed ink images 

[0125] A ink jet recording sheet was solid printed with a black-colored ink, and the colored density of the solid printed 
images was measured by a Macbeth refraction color density meter (RD-920). The measurement was repeated five 
times, and the measurement results were averaged. The averaged data were shown in Table 1 . 

(F) Light resistance 



w 



[0126] The printed sample was subjected to a continuous fading test using a Xenon lamp type FADEOMETER (made 
by ATLAS ELECTRIC DEVICES CO., Model: CI 35F) at a temperature of 63°C at a relative humidity of 50% for 72 hours 
in accordance with JIS B 7754 (1991). The color densities of the printed images before and after the fading test were 
measured. The light resistance of the printed jmages were represented by a fading rate calculated in accordance with 
the following equation. 



15 



Fading rate (%) = °° ' ° 1 



x 100 



wherein D 0 represents a color density of the unfaded colored images, represents a color density of the faded colored 
20 images. 

[0127] Note, the higher the fading rate, the lower the light resistance. 
[01 28] The test results are shown in Table 1 . 
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[0129] Table 1 clearly shows that the Inkjet recording materials in accordance with the present invention exhibited 
excellent water resistance, ink absorbing prbperty^gloss and color density d 
resistance. , ■ ^ ' " ' 
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[0130] In Examples 11-1 to II-8 and Comparative Examples 11-1 to II-6, the following pigment particle sols were pre- 
pared and employed. 

(1) Preparation of pigment sols 
Silica sol All 



[0131] Synthetic amorphous silica particles (trademark: NIPSIL.HD-2, made by NIPPON SILICA INDUSTRIAL CO., 
LTD.) having an average secondary particle size of 3 ^m and an average primary particle size of 1 1 nm were pulverize- 
rs dispersed by a sand grinder and then further pulverize-dispersed by a pressure-type homogenizer. The pulverrze-dis- 
persing procedures by the sand grinder and the pressure-type homogenizer were alternately repeated until the average 
secondary particle size of the amorphous silica particles reached 75 nm, to prepare an amorphous silica sol All having 
a dry solid content of 7%. 

15 Silica sol Bll ) 

; i ■ . ' . * 

[0132] Synthetic amorphous silica particles (trademark: NJPSIL E-101 1| made by NIPPON SILICA INDUSTRIAL fco., 
LTD.) having an average secondary particle size of 1 .5 nm and an average primary particle size of 24 nm were pulver- 
ize-dispersed by a sand grinder and then further pulverize<Jispersed by a pressure-type homogenizer. The pulverize- 
dispersing procedures by the sand grinder and the pressure-type homogenizer were alternately repeated until the aver- 
age secondary particle size of the amorphous siiica particles reached 200 nm, to pr^are an amorphous silica sol Bll 
having a dry solid content of 12%. ' - 



Silica sol CM 



[0133] Synthetic amorphous silica particles (trademark: NIPSIL E-101 1, made by NIPPON SILICA INDUSTRIAL CO., 
LTD.) having an average secondary particle size of 1 .5 nm and an average primary particle size of 24 nm were pulver- 
ize-dispersed by a sand grinder and then further pulverize-dispersed by a pressure-type homogenizer. The pulverize- 
dispersing procedures by the sand grinder and the pressure-type homogenizer were alternately repeated until the ayer- 
30 age secondary particle size of the amorphous silica particles reached 350 nm, to prepare an amorphous silica sol Cll 
having a dry solid content of 12%. ( 

i : 
Alumina silicate sol ll ■ 

i 

35 [01 34] Alumina silicate sol II was prepared by the same procedures as the alumina silicate sol I. 
Example 11-1 ' 

; \ • ' » - • ' 

[0135] An aqueous coating liquid having a total solid content of 7% was prepared by mixing 1 00 parts of the silica sol 

40 All with 3 parts of an ultraviolet ray absorber consisting 2-(2'.-hydrpxy-5 -methylphenyl)benzotriazole (trademark: SEE- 
SORB 701 „ made by SHIRAISHI CALCIUM;CO,), 3 parts of an antioxidant consisting oi 2,2 , -methylene-bis(4rethyl-6- 
tert-butylphenol) (trademark: ANTAGE W-500, made by KAWAGUCHI CHEMICAL CO.) and 35 parts of polyvinyl alco- 
hol (trademark: PVA-135H. made by KU RA BAY j CO. , LTD.) having a polymerization degree of 3500 and a saponifica- 
tion degree of 99% o^mpre. 1 ; ; ; ^ ; j ~ ■ r r. J -. . 

45 [0136] A surface erf" * trade coated p^per srjeet {(trademark: OK COAt mdde by OJI PAPER CO., LTD.) having a basis 
weight of 127.9 g/rrr? was coated with tne aqueous coating liquid and dried to form an ink receiving layer with a dry 
weight of 20 g/rrf. 5 

[0137] An ink jet recording material of the present invention was obtained. 
so Example II-2 

[01 38] An aqueous coating liquid haying* total solid content of 8% was prepared by mixing 1 00 parts of the silica sol 
All with 15 parts of a cationic resin consisting of a copolymer of diallyldimethyl ammonium chloride with acrylamide 
(trademark: PAS-J-81 , made by NITTO BOSEKI CO.. LTD.): coagulating and thickening the mixture; pulverize-dispers- 
55 ing the mixture by a pressure-type homogenizer to an extent such that the average particle size of the mixture reached 
100 nm; and then mixing the resultant cationic r,esin-containing silica sol with 3,p.arts of an ultraviolet ray absorber con- 
sisting qf 2-(2'-hydroxy-5 , -methylphenyl)benzotriazple (trademark: SEESORB 701, made by SHIRAISHI CALCIUM 
CO.). 3 parts of an antioxidant consisting of 2,2 , -methylene-bis(4-ethyl-6-tert-butylphenol) (trademark: ANTAGE W-500. 
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made by KAWAGUCHI CHEMICAL CO.) and 20 parts of polyvinyl alcohol (trademark: PVA-135H, made by KURARAY 
CO LTD ) having a polymerization degree of 3500 and a saponification degree of 99% or more. 
[01 39] A surface of a trade coated paper sheet (trademark: OK COAT, made by OJI PAPER CO . LTD.) having a basis 
weight of 127.9 g/m 2 was coated with the aqueous coating liquid and dried to form an ink receiving layer having a dry 
weight of 20 g/m 2 

[0140] An ink jet recording material of the present invention was obtained. 



Example H-3 



70 



[0141] An ink jet recording material of the present invention was produced by the same procedures as in Example II- 
2, except that as an antioxidant 4,4'-thio- bis (3-methyl-6-tert-butylphenol) (trademark: SUMIRIZER WX. made by 
SUMITOMO CHEMICAL CO., LTD.) was employed. 



75 



25 



Example II-4 



[0142] An ink jet recording material of the present invention was produced by the same procedures as in Example > II- 
2, except that as an antioxidant, 1,1 t 3-tris(2-methyl-4-hydroxy-5-cyclohexylphenyl)butane (trademark: ARKLS DH-43. 
made by ASAHI DENKA KOGYO K.K.) was employed. 



20 Example II-5 
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[0143] An ink jet recording material of the present invention was produced by the same procedures as in ^Example II- 
2, except that as an antioxidant, dilauryl 3, 3-thio-di propionate (trademark: SUMIRIZER-TPU; made by SUMITOMO 
CHEMICAL CO.. LTD.) was employed. 

Example H-6 

[0144] An ink jet recording material of the present invention was produced by the same procedures as in Example II- 
2, except that the silica sol All was replaced by the silica sol Bll. 

Example II-7 1 . , / " 

[0145] An ink jet recording material of the present invention was produced by the same procedure* as in Example II- 
2, except that the silica sol All was replaced by the alumina silicate sol II. 

Example lt-8 ■ , : 

[0146] Tne same aqueous coating liquid as in Example II-2 was coated on a surface of a casting film consisting of a 
PET film (trademark: LUMILAR T, made by TORAY INDUSTRIES INC.) having a thickness of 50 urn and a surface 
roughness Ra of 0.02 M m, and dried to form a cast-coated layer corresponding to an outermost ink receiving layer and 

having a dry weight of 15 gfm 2 . • > ; \ .. . "a: ^ a 

[01471 A 10% aqueous coating liquid for an additional ink receiving layer was prepared by mixing 100 parts of the 
silica sol Bll with 25 parts of polyvinyl alcohol (trademark: PVA-135H, made by KURARAY CO., LTD.) having a polym- 
erization degree of 3500 and a saponification degree of 99% or more. The resultant coating liquid was coated on a sur- 
face of a trade woodfree paper sheet having a basis weight of 127.9 g/m 2 to form an additional ink receiving layer, 
having a weight corresponding to a dry weight of 10 g/m 2 v ■ _ 

[0148] The additional ink receiving layer on the support sheet was superposed on and bonded to the cast-coated layer 
on the casting PET film, dried, and then the PET film was removed from the cast-coated layer. 
[0149] An ink jet recording material of the present invention was obtained. 



50 



^-55 



Comparative Example 11-1 f : ■* '■' ' - : ~ - ' ^ . "V. " t , 

[0 1 50] An aqueous coating liquid having a total solid content of 7% was prepared by raxing 100 parts of the silica sol 
All with 35 parts of polyvinyl alcohol (trademark: PVA-135H, made by KURARAY CO.. LTD.) having a polymer.zat.on 
degree of 3500 and a saponif ication degree of 99% or more. 

[0151] The aqueous coating liquid was coated on a surface of a trade coated paper sheet (trademark. OK COAT, 
made by OJI PAPER CO., LTD.) having a basis weight of 127.9 g/m 2 and dried to form an ink receiving layer having a 
dry weight of 20 g/m 2 . » 1 ' 
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[0152] A comparative ink jet recording materia! was obtained. . . 

Comparative Example ll-2 

s [0153] An aqueous coating liquid having a total solid content of 10% was prepared by mixing 100 parts of the silica 
sol Cll with 3 parts of an ultraviolet ray absorber consisting of 2-(2-hydroxy-5 , -methylphenyl)benzotiazole (trademark 
SEESORB 701 , made by SHIRAISHI CALCIUM CO.), 3 parts of an antioxidant consisting of 2,2'-methylene-bis(4-ethyl- 
6-tert-butylphenol) (trademark: ANTAGE W-500, made by KAWAGUCHI CHEMICAL CO.) and 35 parts of polyvinyl 
alcohol (trademark: PVA-135H, made by KURARAY CO., LTD.) having a polymerization degree of 3500 and a saponi- 

io f ication degree of 99% or more. 

[0154] The aqueous coating liquid was coated on a surface of a trade coated paper sheet (trademark: OK COAT, 
made by OJI PAPER CO., LTD.) having a basis weight of 127.9 g/m 2 and dried to form an ink receiving layer having a 
dry weight of 20 g/m 2 . 

[01 55] A comparative ink jet recording material was obtained. 
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Comparative Example 1 1-3 



[01 56] An aqueous coating liquid having a total solid content of 1 0% was prepared by mixing 1 00 parts of amorphous 
silica (trademark: FINESIL 45. made by TOKUYAMA CORP.) having an average particle size of 4.5 ^m with 3 parts of 
20 an ultraviolet ray absorber consisting of 2-(2'-hydroxy-5 , -methylphenyl)benzotriazole (trademark: SEESORB 701 , made 
by SHIRAISHI CALCIUM CO.), 3 parts of an antioxidant consisting of 2,2-methylene-bis(4-ethyl-6-tert-butylphenol) 
(trademark: ANTAGE W-500. made by KAWAGUCHI. CHEMICAL CO.) and 30 parts of silyl-modified polyvinyl alcohol 
(trademark: R-1 130. made by KURARAY CO., LTD.). - •■ i • 

[0157] The aqueous coating liquid was coated on a surface of a trade coated paper sheet (trademark: OK COAT, 
25 made by OJI PAPER CO., LTD.) having a basis weight of 127.9 g/m 2 and dried to form an ink receiving layer having a 
dry weight of 20 g/m 2 . 

[01 58] A comparative ink jet recording material was obtained. 



Comparativ e Example U-4 , * ■ 

[0159] A trade non-gloss-type ink jet recording paper sheet, namely a mat paper sheet (trademark: MJA4SP1 made~ 
by EPSON CORP.) was subjected to the tests which will be described later. 

Comparative Example 11-5 . > ■ 4 - . ; . . . 

[0160] A trade gloss ink jet recording paper sheet (trademark: GP-101, made by CANON CORP.) was subjected to 
the tests which will be described later. 

Comparative Example II-6 . ,' " - < . .. . , „ : 

[0161] A trade gloss ink jet recording paper sheet (trademark: PHOTO JET PAPER-GLOSS SHEET KJPA 4-GH20, 
made by KONIKA CO.) was subjected to the tests which will be described below. . : . r. 

tests ;;;; ■ : v ^;-= 

[0162] The ink jet recording materials prepared in the above-mentioned examples and comparative examples were 
subjected to testing of water resistance of coated layer, water resistance of printed ink images, ink-absorbing property ^ 
and gloss, color density and light resistance of printed ink images; by the testing methods shown below t ■• - 

[0163] Note: . . .. . r . r - . 

(1) The printer used for the testing was a Printer PM-700C (trademark) made by EPSON CORP. * 

(2) In the testings for the gloss, color density and light resistance of printed ink images, a solid print prepared by 
the above-mentioned printer was used.., . i . - , . 

55 (A) Water resistance of coated layer -j. «■-.•■:•/■=. 

[0164] A sample of an ink jet recording material was immersed in water at a temperature of 20°C for one hour, then 
the recording surface of the recording material in wetted condition was rubbed by finger. The result was evaluated as 



19 

3NSDOCID: <EP 0903246A2 I > 



30 



35 



40 



45 



50 



EP 0 903 246 A2 



follows. 
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Class 



3 
2 
1 



Rubbing result 



No damage occurs on the coated layer. 
A portion of the coated layer is removed. 
The coated layer was completely removed. 



(B) Water resistance of printed ink images 

rmesi An ink let recording material was printed and then left to stand under conditions of a temperature of 23°C. and 
L relletS *>u£ ™en, a water drop was placed on the printed ink images for one minute, 

and removed by wiping. The result of water-dropping was evaluated as follows. 
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Class 



3 
2 
1 



(C) Ink absorbing property 



Water dropping result 



Substantially no removal of ink images is found. 
The ink images are partially removed, 
the ink images are completely removed. 



F01661 An ink jet recording material was printed with yellow, magenta and cyan-colored nk images superposed on 
1 h ^ images Every five seconds after the completion of the printing operations, a woodf ree 

30 eaCh0t ^ r0 ^ 

rrSon S^an-ar of the black-colored ink images, namely an ink image-drymg t,me was measured. 
The test result was evaluated as follows. 
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Class 



3 
2 

1 



Ink image-drying time 



15 seconds or less 

More than 15 seconds and less than 60 seconds 
60 second or more 



(D) Gloss of printed ink images 

I0 1 67] Black, yellow, cyan and magenta-colored ink images printed on an ink i^ecord'ng materia, were observed by 
the naked eye at an inclined angle, and the glosses of the images were evaluated as follows. 



50 



55 



Class 



4 

3 



Gloss 



The ink image gloss is similar to that on a silver salt type color photograph. 

The ink image gloss is slightly lower than that on the silver salt type color photograph and higher than that 
on conventional coated or art paper sheet. 

The ink image gloss is similar to that on conventional coated or art paper sheet. 
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(continued) 



Class 


Gloss 


1 


The ink image gloss is very low. 



(E) Color density of printed ink images 



[01 68] An ink jet recording sheet was solid printed with a black-colored ink, and the colored density of the solid printed 
images was measured by a Macbeth refraction color density meter (RD-920). The measurement was repeated five 
w times, and the measurement results were averaged. The averaged data were shown in Table 1 . 

(F) Light resistance -.: 

[0169] The printed sample was subjected to a continuous fading test using a Xenon lamp type FADEOMETER (made 
is by ATLAS ELECTRIC DEVICES CO., Model: CI 35F) at a temperature of 63°C at a relative humidity of 50% for 72 hours 
in accordance with JIS B 7754 (1991). The color densities of the printed sample before and after the fading test were 
measured. The light resistance of the printed images were represented by a fading rate calculated in accordance with 
the following equation. 



Fading rate. (%) = —9- — 1 x 100 

: ~r • * 

wherein D 0 represents a color density of th(? unfaded colored images, D-j represents a color density of the faded colored 
25 images. ' ' ' 

[0170] Note, the higher the fading rate, the lower the light resistance. 
[0171] The test results are shown in Table 2. 
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[01721 Table 2 clearly shows that the ink jet recording; materials in accordance with the present inventioh exhibited 
excellent water resistance of the coated layer, ink absorbing property, gloss and color density of the printed ink images 
and a superior light resistance. . ; < 
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Claims 

1. An ink jet recording material comprising a support and a one or more ink-receiving layers formed on the support, 
wherein at least one of the ink receiving layers comprises: 

5 

(1) fine colloid pigment particles selected from fine colloid amorphous silica secondary particles and fine col- 
loid alumina silicate secondary particles having an average secondary particle size of 10 to 300 nm and each 
consisting essentially of a plurality of primary particles having an average primary particle size of 3 to 40 nm 
and agglomerated with each other; and 
w (2) an ultraviolet ray-absorber. 

2. The ink jet recording material as claimed in claim 1 , wherein the at least one ink receiving layer comprising the fine 
colloid pigment particles and the ultraviolet ray absorber further comprises an antioxidant. 

15 3. The ink jet recording material as claimed in claim 1 or 2, wherein at least one of the ink receiving layers comprises 
a cationic compound. 

The ink jet recording material as claimed in claim 3, wherein the cationic compound is selected from the group con- 
sisting of polymers of diallyldimethyl ammonium chloride, copolymers of diallyldimethyl ammonium chloride with 
sulfur dioxide and copolymers of at least one amine with at least one carboxylic acid. 

The ink jet recording material as claimed in claim 1 or 2, wherein the ultraviolet ray-absorber comprises at least one 
member selected from ultraviolet ray-absorbing benzotriazole compounds. 

The inkjet recording material as claimed in claim 1 or 2, wherein the ultraviolet ray-absorber comprises at least one 
inorganic metal oxide selected frdm the group consisting of zinc oxide, titanium dioxide yttrium oxide and cerium 
oxide. 

The ink jet recording material as claimed in claims 1/2, 5 or 6. wherein the ultraviolet ray absbrber is in the form of 
fine particles having an average particle size of 500 nm or less. . 

The ink jet recording material as claimed in claim 1 , 2, 5 or 6, wherein the ultraviolet ray absorber is in the form of 
secondary particles having an average secondary particles of 2 urn or less and each consisting essentially of a plu- 
rality of primary particles having an average primary.particle size of 3 to 100 nm and agglomerated with each other. 

The ink jet recording material as' claimed in claim 2. wherein the antioxidant comprises at least one member 
selected from antioxidant phenolic compounds. 

The ink jet recording material as claimed in claim 2, wherein the antioxidant comprises at! least one member 
selected from the group consisting of 2,2 -methylene-bis(4-ethyl-6-tert-butylphenol), 4,4*-thi6bis(3-methyl-6-tert- 
butylphenol), 1,1,3-tris-(2-methyl-4-hydroxy-$-tert-butylphenyl)butane, ; and 1 ,1 ,3-tris(2-methyl-4-hydroxy-5- 
cyclohexylphenyl)butane. * . 

The inkjet recording material as Claimed in 'claim 1,;2 or 3, wherein the ink receiving layer containing the fine colloid 
pigment particles and the ultraviolet ray absorber; forms an Outermost layer to which an ink jet printing is applied, 
and at least one additional ink receiving layer is formed between the» outermost ink receiving layer and the support. 

The inkjet recording material as claimed in claim 1 , wherein the at least one ink receiving layer is formed by coating 
a casting surface with a at least one coating layer corresponding to the ink receiving layer; transferring and bonding 
the cast-coated layer on the casting surface to a surface of the support; and removing the casting surface from the 
transferred cast-coated layer. - 4 ~ y ■ r, 

13. The ink jet recording material as claimed in claim 12, wherein the at least one ink receiving layer is formed by coat- 
ing a casting surface with at least one coating layer corresponding to the ink receiving layer; transferring and bond- 
ing the cast-coated layer to a surface of an additional ink receiving layer directly formed on the support; and 
removing the casting surface from the transferred cast-coated layer. • « j ^ 

14. The ink jet recording material as claimed in claim 1 , wherein the fine colloid pigment particles are fine colloid amor- " 
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phous silica particles. 

1 5. The ink jet recording materia, as claimed in claim 6 or 8. wherein the ultraviolet ray absorber comprises cerium 
oxide. 
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